I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y ¦ V o l u M e 6 2 ¦ I s s u e 3 ¦ J u l y -s e P t e M b e r 2 0 1 9 Biofilm formation is a fungal adaptation strategy for survival against environmental pressures. Fungi form biofilms for metabolic cooperation, acquisition of new genetic traits, and increased stress resistance. We are concerned about the increasing fungal infections. The modern medicine has provided fungi with many niche such as catheters, shunts, tubings, implants, contact lenses, dentures, and prosthetic devices. The devices become colonized by the fungi and form biofilms over the abiotic surfaces. Biofilms are the known causes of chronic recalcitrant infections.
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. Biofilm formation is a fungal adaptation strategy for survival against environmental pressures. Fungi form biofilms for metabolic cooperation, acquisition of new genetic traits, and increased stress resistance. We are concerned about the increasing fungal infections. The modern medicine has provided fungi with many niche such as catheters, shunts, tubings, implants, contact lenses, dentures, and prosthetic devices. The devices become colonized by the fungi and form biofilms over the abiotic surfaces. Biofilms are the known causes of chronic recalcitrant infections. [1] The term biofilm was introduced by Costerton in 1985. Biofilms by definition are "a microbially derived sessile community characterized by cells that are irreversibly attached to a substratum or to each other, in a matrix of extracellular polymeric substance and exhibit an altered phenotype with respect to growth rate and gene transcription." [2] Formation occurs in a sequential manner: (a) adherence and adsorption, (b) intermediate stage: it is of maximum metabolic activity. Extracellular matrix (ECM) is enhanced which is the nutrient source and protects biofilm community from desiccation, ultraviolet radiations, immune cells and the antimicrobial agents, and (c) maturation stage: a stage of release and dissemination when newer sites are colonized. Biofilm formation is not a classical virulence factor. However, biofilms do lead to increased pathogenicity as the community of cells gets too big to be phagocytozed. The fungi in biofilms are more tolerant to defensins, oxidative stress, and ECM impairs the recognition of fungal surface epitopes by immune cells, leading to immune escape. In a study done on clinical isolates of Candida, there was a direct correlation between clinical outcomes and mortality in high-biofilm formers than low-biofilm formers. [3] Persister cells in biofilms form at least 1% population. These are dormant cells which ensure the survival even after an extensive and long-term course of antifungal therapy, leading to recurrence and relapse. [4] They are highly tolerant to antifungal agents as they do not divide.
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Antifungals also fail to act effectively as there is an environmental gradient (heterogenicity) within biofilms. These biofilms being mushroom-like structure lead to concentration gradient in the form of oxygen, chemical, pH, or nutrient gradient. Different antibiotic concentrations reach different individual cells in different layers of biofilms. This suboptimal concentration acts as a stimulus for further biofilm formation and also leads to the development of drug resistance. Organisms in biofilm community have minimum inhibitory concentration (MIC) as high as 10-1000-fold greater than that for planktonic organisms.
Other mechanisms involved in drug resistance are increased cell density, alteration in drug targets, and upregulation of efflux pumps as the biofilms mature. ECM acts as a physical barrier to the entry of antifungals. There is an increased concentration of substances such as beta-glucans and mannans in ECM which act as "drug sponges" sequestering the azoles, pyrimidines, or polyenes. [5] ECM has extracellular DNA. If DNase is added to the biofilm models, the MIC of antifungals decreases significantly. [6] There is very limited armamentarium of antifungals and it has been observed that among them only amphotericin B and echinocandins can retain their activity against biofilm forms of fungi. Hence, there is a need of more agents, which can inhibit biofilm adherence (the very first step of formation of biofilm) or can eliminate biofilm or can disrupt the already formed biofilm. Antifungal lock therapy has been proposed just like antibiotic lock solutions used in bacterial biofilm infections. [7] Several new targets in the form of components of ECM have been identified. Many natural plants or substances are under trial. Silver ion coating, silver nanoparticles, nitric oxide, chitosan, etc., have been tried for catheters and intravascular devices to prevent biofilm formation on the surfaces. Hence, to conclude, it is time that we wake up to the perspective of fungal biofilms. They might be more commonly associated with human diseases than we give them credit for. With many fungal infections, namely, aspergillomas, dermatophytomas, and mycetoma being speculated as a form of biofilms by fungi, there is a need that we strategically control the biofilms before they become a menace.
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